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(57) ABSTRACT

A method, apparatus, and computer program for interference
cancellation 1n communication systems 1s provided. The
method 1ncludes controlling of code block to physical layer
mapping. The controlling includes mapping code blocks to
the physical layer such that interfering signals become seli-
decodable at a receiving bandwidth of the user equipment.
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CONTROLLING OF CODE BLOCK TO
PHYSICAL LAYER MAPPING

FIELD

Embodiments of the invention relate to wireless commu-
nications systems and, more specifically, to interference can-
cellation 1n wireless communications systems, such as the

Universal Mobile Telecommunications System (UMTS) Ter-
restrial Radio Access Network (UTRAN) Long Term Evolu-

tion (LTE) and Evolved UTRAN (E-UTRAN).

BACKGROUND

Universal Mobile Telecommumnications System (UMTS)
Terrestrial Radio Access Network (UTRAN) refers to a com-
munications network including base stations, or Node Bs or
enhanced Node Bs (eNBs), and radio network controllers
(RNC). UTRAN allows for connectivity between the user
equipment (UE) and the core network. The RNC provides
control functionalities for one or more Node Bs serving the
UEs. The RNC and 1ts corresponding Node Bs are called the
Radio Network Subsystem (RNS).

Long Term Evolution (LTE) refers to improvements of the
UMTS through improved efliciency and services, lower
costs, and use of new spectrum opportunities. In particular,
LTE 1s a 3GPP standard that provides for uplink peak rates of
at least 50 megabits per second (Mbps) and downlink peak
rates of at least 100 Mbps. LTE supports scalable carrier
bandwidths from 20 MHz down to 1.4 MHz and supports both
Frequency Division Duplexing (FDD) and Time Division
Duplexing (TDD).

As mentioned above, LTE 1s can also improve spectral
elficiency in networks, allowing carriers to provide more data
and voice services over a given bandwidth. Therefore, L'TE 1s
designed to tulfill future needs for high-speed data and media
transport 1n addition to high-capacity voice support. Advan-
tages of LTE include high throughput, low latency, FDD and
TDD support 1n the same platform, an improved end-user
experience, and a simple architecture resulting in low oper-
ating costs.

It should be noted that, 1n order to achieve high bandwidth
or spectral efficiency 1n wireless communications systems,
interference associated with transmissions between nodes
(e.g., UEs) 1n the system needs to be controlled and reduced.

SUMMARY

One embodiment 1s directed to a method for cancelling
interference at a user equipment. The method includes con-
trolling of code block to physical layer mapping. Code blocks
are mapped to the physical layer such that interfering signals
become self-decodable at a recerving bandwidth of the user
equipment.

Another embodiment 1s directed to an apparatus config-
ured to cancel interference. The apparatus includes at least
one processor, and at least one memory including computer
program code. The at least one memory and the computer
program code are configured, with the at least one processor,
to cause the apparatus at least to control code block to physi-
cal layer mapping. Code blocks are mapped to the physical
layer such that interfering signals become self-decodable at a
receiving bandwidth of the user equipment.

Another embodiment 1s directed to a computer program,
embodied on a non-transitory computer readable medium,
the computer program configured to control a processor to
perform a process. The process includes controlling of code
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block to physical layer mapping. Code blocks are mapped to
the physical layer such that interfering signals become seli-
decodable at a recerving bandwidth of the user equipment.

BRIEF DESCRIPTION OF THE DRAWINGS

For proper understanding of the invention, reference
should be made to the accompanying drawings, wherein:

FIG. 1 illustrates an example of the turbo coding process,
according to an embodiment;

FIG. 2 illustrates an example of partially overlapping
resource allocation in frequency;

FIG. 3 illustrates an example of the maximum code block
s1ze being limited to a minimum allocation resolution of the
physical layer, according to one embodiment;

FIG. 4 illustrates a flow diagram of a method according to
one embodiment;

FIG. 5 illustrates an apparatus according to one embodi-
ment; and

FIG. 6 illustrates a graph showing the performance of
Turbo coding as function of code block size.

DETAILED DESCRIPTION

It will be readily understood that the components of the
invention, as generally described and illustrated in the figures
herein, may be arranged and designed 1n a wide variety of
different configurations. Thus, the following detailed descrip-
tion of the embodiments of a system, a method, an apparatus,
and a computer program product for cancelling interference,
as represented 1n the attached figures, 1s not intended to limat
the scope of the mvention, but 1s merely representative of
selected embodiments of the invention.

If desired, the different functions discussed below may be
performed 1n a different order and/or concurrently with each
other. Furthermore, it desired, one or more of the described
functions may be optional or may be combined. As such, the
following description should be considered as merely 1llus-
trative of the principles, teachings and embodiments of this
invention, and not in limitation thereof.

Embodiments of the invention generally relate to a method,
apparatus and computer program for interference cancella-
tion 1n communication systems including orthogonal fre-
quency division multiple access (OFDMA) systems, such as
LTE and WiIMAX.

Interference cancelling receivers for UE will be part of
LTE-Advanced evolution (1.e., 3GPP Rel-12 and beyond).
The mterference cancelling recervers can be used to cancel
cross-layer interference of multiple mput multiple output
(MIMO) transmission (single user-MIMO, multi-user-
MIMO), non-orthogonal access within the cell or other-cell
interference (receiver CoMP). Embodiments of the invention
relate to interference cancellation between different UEs, or
between transmissions to/from different cells.

Interference cancellation 1s a promising technique to
improve throughput 1n a multi-cell system. By mitigating the
interference from neighboring cells, the signal to interference
and noise ratio (SINR) of the own signal improves and the
throughput increases. The concept behind interference can-
cellation 1s that unwanted signal(s) from dominant interfer-
ence 1s detected and subtracted from the wanted signal(s). In
order to obtain the best performance, the error correction
coding should be integrated into the detection process.

Turbo coding 1s used as error correcting code with shared
data channel, such as the physical downlink shared channel
(PDSCH), in 3GPP-based systems. The 3GPP LTE Turbo
encoding specified in the 3GPP LTE specification (TS 36-se-
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ries) uses parallel concatenated convolutional code. An 1nfor-
mation sequence 1s encoded by a recursive convolutional
encoder, and an interleaved version of the information
sequence 1s encoded by another recursive convolutional
encoder.

In LTE a minimum and maximum code block size has been
specified so that the code block sizes are compatible with the
block sizes supported by the Turbo interleaver. In particular,
the minimum code block size=40 bits; and the maximum
code block s1ze=6144 bits.

FI1G. 1 1llustrates an example of the turbo coding process.
As 1llustrated 1n FIG. 1, 1f the length of the input code block
1s greater than the maximum code block size, the input block
1s segmented at 105. For example, one TCP/IP packet (1500
bytes=12000 bits) would be segmented into two segments.
Each transport block may contain one or multiple code blocks
depending on the MIMO scheme. The transport blocks are
mapped 1nto physical layer symbols at 115. The mapping
principle 1s that one coding block 1s mapped into a distinct set
of modulation symbols 1 order to enable delay efficient
pipeline processing at the receiver site. The physical layer
resource 1s made up of subsets of sub-carriers. In LTE, the
mimmum size of sub-carrier subset 1s 12 sub-carries.

As mentioned above, the basic concept of interference
cancellation 1s that the unwanted signal 1s detected first and
then subtracted from the wanted signal. In the subtraction and
detection process, utilization of the error correcting decoding
1s the key 1ssue (the so called uncoded IC, 1.e., interference
cancelling recetver based on symbol level estimates only does
not perform well enough). However, the detection of signals
from 1nterfering transmissions utilizing output of a turbo
decoder results in excessive complexity, especially in the case
when the interfering and wanted transmissions are allocated
on partially non-overlapping resources in the frequency
domain. This 1s because the UE needs to detect all interfering
signals from that partial overlap 1n frequency with the own
signal in order to get a reliable estimate of the interfering
signals.

FIG. 2 illustrates an example of partially overlapping
resource allocation in frequency. Signals of different UEs can
originate from different cells. For example, as shown 1n FIG.
2, 1f UE#1 tries to cancel interference from UE#2, 1t should
first detect UE#2. In order to get reliable estimate of bits
transmitted to UE#2, UE#1 needs to detect UE#2 s1gnal with
larger bandwidth than the own signal. Furthermore, before
UE#1 can get reliable estimate from UE#2 signal, 1t needs to
detect UE#3 signals and subtract 1t from UE#2 signal. As a
summary, the DL interference cancelling can be a challenging
task from UE complexity point of view. Therefore, reason-
able complexity can be attained only with equal bandwidth
and fully overlapping resource allocation among the UEs.
This introduces scheduling restrictions, tight coordination
requirement between adjacent cells and potential perfor-
mance reduction.

In view of the above, embodiments of the invention are
directed to an interference cancelling optimized code block to
physical layer mapping. One embodiment includes a method
and apparatus that provides improved support for downlink
interference cancelling recervers utilizing turbo decoding 1n
the detection process. According to an embodiment, code
blocks are aligned with physical layer resource allocation
which enables a low complexity detection process even 1f the
interfering UEs are allocated in partially non-overlapping
frequency resources.

As 1llustrated in FIG. 3, one embodiment includes the
maximum code block size being limited to a minimum allo-
cation resolution of the physical layer. In FIG. 3, the mini-
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4

mum resource allocation resolution corresponding to the
maximum code block size 1s denoted by rmin. For the signal-
ing coordination, the eNBs will need to exchange information
of rmin. This can be done via the backhaul, such as X2
interface, via over-the-airr communication channel (direct
eNB-eNB), or even relaying via the UE. The information
exchange due to coordination should be small and rather
static.

In one embodiment, the maximum code block length
depends on the mimimum resource allocation resolution
(rmin) and varies according to the modulation and coding
scheme used. Thus, according to an embodiment, the maxi-
mum code block length may be calculated according to the
following: the number of modulation symbols for data (per
TTI) multiplied by the coding rate multiplied by modulation
(bits/modulation symbol). For example, considering L'TE, 11
the minimum allocation resolution 1s 10 physical resource
blocks (PRBs), then the maximum code block length 1s the
following: quadrature phase shift keying (QPSK) with 4
coding 1s approximately 1440 bits; and 16QAM (quadrature
amplitude modulation) with %3 coding 1s approximately 3840
bits. According to certain embodiments, 1f the length of the
input code block 1s greater than the maximum code block
length, the mput block 1s segmented, 1.e., divided 1into mul-
tiple blocks.

Another aspect of the invention 1s that the code block sizes
can be dynamically changed and controlled by the eNB. The
basic rule 1s that code blocks are mapped to the physical layer
such that interfering signals become self-decodable at the
receiving bandwidth of the desired UE. It 1s noted that this
rule does not necessarily require any additional signaling
related to code block size because (1) the desired UE may
become aware of the transmission parameters of interfering
UEs by reading the control channels of the interfering UEs,
and (2) interfering UEs follow the same “code block to physi-
cal layer mapping” rule. This takes care that the overlapping
part ol interfering signals are made up of seli-decodable
coding block(s) only. For example, according to FIG. 3, 1f
UE#3 1s desired UE and 1t tries to cancel interference from
UE#2, then according to an embodiment, the overlapping part
of UE#2 1s self-decodable. This can be achieved, for example,
when the data bits of UE#2 are segmented 1into two parts. Both
segments are mapped separately ito the physical layer
resources corresponding to rmin. Interleaving 1s also per-
formed within the segment. This arrangement would enable
UE#3 to attempt to decode the UE#2 signal 1n the overlapping
part only.

According to one embodiment, allocation of the UEs 1n
frequency 1s aligned according to rmin. This takes care that
the number of interfering UEs to be cancelled 1s minimized.
The starting position of the “scheduling grid” may be part of
signaling coordination among neighboring eNBs.

FIG. 4 illustrates a flow diagram of a method according to
an embodiment of the mmvention. The method of FIG. 4
includes interference cancelling optimized code block to
physical layer mapping. More specifically, the method, at
400, align code blocks with physical layer resources by lim-
iting a maximum code block size to a minimum allocation
resolution of physical layer resources. In an embodiment,
code blocks are mapped to the physical layer such that inter-
fering signals become self-decodable at a receiving band-
width of the UE. At 410, the method may include determiming
whether the length of the input code block 1s greater than the
maximum code block size. It i1t 1s determined that the length
of the mput code block 1s greater than the maximum code
block size, then the method includes segmenting the input
code block into multiple blocks at 420. The method may
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optionally include, at 430, dynamically changing and/or con-
trolling the code block sizes. It should be noted that not all
embodiments 1nclude or require step 430 of dynamically
changing and/or controlling the code block sizes.

In some embodiments, the functionality of any of the meth-
ods described herein, may be implemented by a software
stored 1n memory or other computer readable or tangible
media, and executed by a processor. In other embodiments,
the functionality may be performed by hardware, for example
through the use of an application specific mtegrated circuit
(ASIC), a programmable gate array (PGA), a field program-
mable gate array (FPGA), or any other combination of hard-
ware and software.

FIG. S 1llustrates an apparatus 10 according to one embodi-
ment. In an embodiment, apparatus 10 may be a UE or eNB
configured to cancel interterence at the UE. Apparatus 10
includes a processor 22 for processing information and
executing instructions or operations. Processor 22 may be any
type of general or specific purpose processor. While a single
processor 22 1s shown 1n FIG. 5, multiple processors may be
utilized according to other embodiments. In fact, processor
22 may include one or more of general-purpose computers,
special purpose computers, microprocessors, digital signal
processors (“DSPs”), field-programmable gate arrays (“FP-
GAs™), application-specific integrated circuits (“ASICs™),
and processors based on a multi-core processor architecture,
as examples.

Apparatus 10 further includes a memory 14, coupled to
processor 22, for storing information and instructions that
may be executed by processor 22. Memory 14 may be one or
more memories and of any type suitable to the local applica-
tion environment, and may be implemented using any suit-
able volatile or nonvolatile data storage technology such as a
semiconductor-based memory device, a magnetic memory
device and system, an optical memory device and system,
fixed memory, and removable memory. For example,
memory 14 can be comprised of any combination of random
access memory (“RAM”), read only memory (“ROM”), static
storage such as amagnetic or optical disk, or any other type of
non-transitory machine or computer readable media. The
instructions stored i memory 14 may include program
instructions or computer program code that, when executed
by processor 22, enable the apparatus 10 to perform tasks as
described herein.

Apparatus 10 may also include one or more antennas (not
shown) for transmitting and receiving signals and/or data to
and from apparatus 10. Apparatus 10 may further include a
transcerver 28 that modulates information on to a carrier
wavelorm for transmission by the antenna(s) and demodu-
lates information recerved via the antenna(s) for further pro-
cessing by other elements of apparatus 10. In other embodi-
ments, transcerver 28 may be capable of transmitting and
receiving signals or data directly.

Processor 22 may perform functions associated with the
operation of apparatus 10 including, without limitation, pre-
coding of antenna gain/phase parameters, encoding and
decoding of individual bits forming a communication mes-
sage, formatting of information, and overall control of the
apparatus 10, including processes related to management of
communication resources.

In an embodiment, memory 14 stores software modules
that provide functionality when executed by processor 22.
The modules may include an operating system 15 that pro-
vides operating system functionality for apparatus 10. The
memory may also store one or more functional modules 18,
such as an application or program, to provide additional func-
tionality for apparatus 10. The components of apparatus 10
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may be implemented in hardware, or as any suitable combi-
nation of hardware and software.

According to one embodiment, apparatus 10 may be con-
figured to limit or cancel mterference at a UE. More specifi-
cally, according to one embodiment, memory 14 and proces-
sor 22 are configured to cause apparatus 10 to limit a
maximum code block size to a minimum allocation resolution
of physical layer resources. In an embodiment, code blocks
are mapped to the physical layer such that interfering signals
become seli-decodable at a receiving bandwidth of the UE.
Memory 14 and processor 22 may be further configured to
cause apparatus 10 to determine whether the length of the
input code block 1s greater than the maximum code block
s1ze. IT 1t 1s determined that the length of the input code block
1s greater than the maximum code block size, then apparatus
10 may be controlled to segment the iput code block 1nto
multiple blocks. Memory 14 and processor 22 may also be
configured to cause apparatus 10 to dynamically change and
control the code block sizes.

Some embodiments of the invention can be applied to
slightly coordinated networks, and may also be applicable to
tully coordinated network, MU-MIMO and non-orthogonal
multiple access networks. With MU-MIMO, embodiments
allow pairing over non-equal bandwidth allocation with etfi-
cient interference cancelling based on turbo decoder. Thus,
besides throughput gain, embodiments of the invention can
remove an important scheduling constraint for MU-MIMO
scheduling. This will ease scheduler implementation and
increase scheduling flexibility which 1s valuable when con-
sidering scheduling based QoS provisioning.

Thus, some embodiments of the invention are applicable to
improve performance of non-orthogonal multiple access.
Non-orthogonal access 1s considered as a potential multiple
access scheme to significantly increase the downlink capacity
that can be offered to cell edge users. The principle, based on
path loss separation of cell center users and cell edge users,
includes allocating more resources to cell edge users (at the
expense of cell center UEs). In an extreme case, all resources
are given to the weakest user. In that case, QPSK 1s transmiut-
ted to that user (with power Sw), and the stronger users get
superposed QPSK/QAM (with power Ss). Ss 1s seen as addi-
tional interference to the weak user. The weak user’s condi-
tions does not suffer much 1f Ss/Sw<SINRw (note also that
cell edge users benefit from additional resources). For stron-
ger user, weaker user’s signal should be cancelled. The can-
cellation may be based on the embodiment discussed above
where the code block sizes can be dynamically changed and
controlled.

FIG. 6 illustrates the performance of Turbo coding as func-
tion of code block size. As 1llustrated in FIG. 6, embodiments
may lead to reduced Turbo coding gain from 1n some cases.
However, the coding gain reduction 1s smaller than obtained
benelit from interference cancelling utilizing soft output of
Turbo coding.

In view of the above, embodiments of the invention are
configured to limit the maximum code block size to a mini-
mum allocation resolution of physical layer resources (1.¢.,
PRB). According to one aspect, the eNB may be configured to
dynamically control the maximum code block size. The code
block assignment to physical resources 1s arranged 1n a way
that allows an easy implementation of IC recerver, and such
that overlapping code blocks of different UEs are self-decod-
able even though resource allocation may ditfer. In this way,
it 1s possible for the UE to cancel interference from an inter-
tering signal without necessarily decoding the entire interfer-
ing signal (the interfering signal 1s basically “decomposed™ in
a set of self-decodable signals, and the UE only needs to
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detect the signals that are overlapping with its desired alloca-
tion). In an embodiment, the interference cancellation at the
receiver side 1s based on segmented turbo coding at transmit-
ter side.
The described features, advantages, and characteristics of
the mnvention may be combined 1n any suitable manner 1n one
or more embodiments. One skilled in the relevant art will
recognize that the invention may be practiced without one or
more of the specific features or advantages of a particular
embodiment. In other instances, additional features and
advantages may be recognized 1n certain embodiments that
may not be present in all embodiments of the invention.
One having ordinary skill in the art will readily understand
that the invention as discussed above may be practiced with
steps 1n a different order, and/or with hardware elements 1n
configurations which are different than those which are dis-
closed. Therefore, although the invention has been described
based upon these preferred embodiments, 1t would be appar-
ent to those of skill 1n the art that certain modifications,
variations, and alternative constructions would be apparent,
while remaining within the spirit and scope of the mvention.
In order to determine the metes and bounds of the invention,
therefore, reference should be made to the appended claims.
We claim:
1. A method, comprising;:
controlling of code block to physical layer mapping by
limiting a maximum code block size to a minimum
allocation resolution 1n physical resource blocks of the
physical layer, wherein the minimum allocation resolu-
tion 1s minimum among a desired link and at least one
interfering communication link applying at least par-
tially overlapping bandwidth with the desired link;

wherein code blocks are mapped to the physical layer such
that an overlapping part of interfering signals become
self-decodable at a receiving bandwidth of a user equip-
ment, and

wherein the iterfering signals become self-decodable by

segmenting them into a plurality of parts, and separately
mapping the parts into the physical layer resource blocks
corresponding to the minimum allocation resolution.

2. The method according to claim 1, further comprising
dynamically changing and controlling sizes of the code
blocks.

3. The method according to claim 1, wherein, when a
length of an input code block 1s greater than the maximum
code block size, the method further comprises segmenting the
input code block mto multiple blocks.

4. The method according to claim 1, wherein the maximum
code block size depends on the minimum allocation resolu-
tion and varies according to a modulation and coding scheme
that 1s used.

5. The method according to claim 4, wherein the maximum
code block size 1s equal to:

a number of modulation symbols for data x coding rate x

modulation.

6. The method according to claim 1, wherein allocation of
a plurality of user equipment in frequency 1s aligned accord-
ing to the mmimum allocation resolution corresponding to
the maximum code block size.

7. The method according to claim 1, further comprising
exchanging information of the minimum resource allocation
corresponding to the maximum code block size, wherein the
exchanging comprises exchanging the mformation via X2
interface, via an over-the-air communication channel, or
relaying via the user equipment.

8. An apparatus, comprising;

at least one processor; and
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8

at least one memory including computer program code;

the at least one memory and the computer program code are

configured, with the at least one processor, to cause the
apparatus at least to control code block to physical layer
mapping by limiting a maximum code block size to a
minimum allocation resolution in physical resource
blocks of the physical layer, wherein the minimum allo-
cation resolution 1s minimum among a desired link and
at least one mterfering commumnication link applying at
least partially overlapping bandwidth with the desired
link,

wherein code blocks are mapped to the physical layer such

that an overlapping part of interfering signals become
self-decodable at a recerving bandwidth of a user equip-
ment, and

wherein the interfering signals become seli-decodable by

segmenting them into a plurality of parts, and separately
mapping the parts into the physical layer resource blocks
corresponding to the minimum allocation resolution.

9. The apparatus according to claim 8, wherein the at least
one memory and the computer program code are further
configured, with the at least one processor, to cause the appa-
ratus at least to dynamically change and control sizes of the
code blocks.

10. The apparatus according to claim 8, wherein, when a
length of an input code block 1s greater than the maximum
code block size, the at least one memory and the computer
program code are configured, with the at least one processor,
to cause the apparatus at least to segment the input code block
into multiple blocks.

11. The apparatus according to claim 8, wherein the maxi-
mum code block size depends on the mimimum allocation
resolution and varies according to a modulation and coding
scheme that 1s used.

12. The apparatus according to claim 11, wherein the maxi-
mum code block size 1s equal to:

a number of modulation symbols for data x coding rate x

modulation.

13. The apparatus according to claim 8, wherein allocation
of a plurality of user equipment in frequency 1s aligned
according to the minimum allocation resolution correspond-
ing to the maximum code block size.

14. The apparatus according to claim 8, wherein the at least
one memory and the computer program code are further
configured, with the at least one processor, to cause the appa-
ratus at least to exchange information of the minimum
resource allocation corresponding to the maximum code
block size with at least one eNB,

wherein the exchanging comprises exchanging the infor-

mation via X2 intertace, via an over-the-air communi-
cation channel, or relaying via the user equipment.
15. A computer program, embodied on a non-transitory
computer readable medium, the computer program config-
ured to control a processor to perfoml1a process, comprising;:
controlling of code block to physical layer mapping by
limiting a maximum code block size to a minimum
allocation resolution 1n physical resource blocks of the
physical layer, wherein the minimum allocation resolu-
tion 15 mimmimum among a desired link and at least one
interfering communication link applying at least par-
tially overlapping bandwidth with the desired link;

wherein code blocks are mapped to the physical layer such
that an overlapping part of interfering signals become
self-decodable at a receiving bandwidth of a user equip-
ment, and

wherein the interfering signals become self-decodable by

segmenting them into a plurality of parts, and separately
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mapping the parts into the physical layer resource blocks
corresponding to the minimum allocation resolution.

16. The computer program according to claim 15, the pro-
cess further comprising dynamically changing and control-
ling sizes of the code blocks.

17. The computer program according to claim 15, wherein,
when a length of an input code block 1s greater than the
maximum code block size, the process further comprises
segmenting the mput code block 1into multiple blocks.
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